Genetically modified (GM) major feed crops have been recently developed and disseminated to produce animal feeds and fibrous material. The adoption of genetically enhanced crops by growers has increased substantially. New varieties of plants resistant to pests and/or tolerant to specific herbicides such as maize, soybean, cotton, sugar beets, canola, have been recently developed by using genetic transformation (GT). These plants contain detectable specific active recombinant DNA (rDNA) and their derived protein. However, rDNA has never been recovered either in milk, or in liver, spleen and muscles tissues of animals, or in rumen bacteria. In addition, feed intake, weight gain, milk yield and nutritional equivalence expressed as feed conversion and/or digestibility of nutrients have never been affected by feeding animals diets containing GT plants. In all the experimental animals, the body and carcass composition, the composition of milk and animal tissues, as well as the sensory properties of meat are not modified by the use of feeds derived from GT plants. Furthermore, the health of animals, their physiological characteristics and the survival rate are also not affected. Scientific methods used for the assessment of the safety and recommendations for the dissemination of new plants including their massive use in animal feeding have been always appropriate to detect eventual defects on health of animals and performance. Inevitably, where food safety standards are concerned, it is desirable for consumer safety to have levels of international harmonisation recognising the need to maintain the best practices commensurate with ongoing scientific developments and national or international variations in diets. It can be suggested that in vivo tests on high producing animals are necessary and sufficient to evaluate the safety and the nutritional value of new GT plants.
Introduction
Genetically modified (GM) plants, more accurately called genetically engineered plants, are those that have had their DNA altered through genetic engineering i.e., in which one or more new DNA constructs originating from foreign organisms have been integrated. The genetic modifications of plants are mainly aimed at: i) herbicide tolerance ii) insect resistance iii) increased product quality (e.g., reduction of the content of undesirable antinutritive substances) iv) increase of valuable substances like vitamins or fatty acids and improvement of agronomical properties (e.g., low consumption of water and nutrients or drought tolerance With conventional plant breeding, most of these goals may be attained in the long term, but with genetic engineering, this is possible in the short term.
According to the FAO statistics human population will increase from current about 6.5 to 9 billion people (about 40 % more) on the earth in 2050 1 , but the estimated need for meat (from 229 to 465) and milk (from 580 to 1043 MT per year) will nearly double in this time. The production of food of animal origin is consuming high amounts of resources and need much land for feed production. In addition to the traditional competition of land use between production of vegetarian food for human consumption and feed production for animal production, land area is increasingly being used for bio-energy/fuel production in response to the challenge of global warming, as areas for settlements and as natural protected areas. Possible strategies to overcome this situation include -Continued investments to increase plant yield and animal performances with traditional and innovative biotechnology. -Improved efficiency of utilizing resources (land, water, fertilizer, fuel etc.).
-Lower consumption of animal protein by people with current over consumption The most important objectives for plant breeders can be summarized as follows -High yields with low external inputs (low input varieties) such as water, phosphorus, fuel, plant protection substances etc. -Lower concentrations of toxic substances such as secondary substances, mycotoxins from toxin-developing fungi, toxins from anthropogenic activities or geogenic given. -Lower concentrations of substances that influence the use or bioavailability of nutrient such as lignin, phytate, enzyme inhibitors, tannin etc. -Higher concentrations of the feed value determining components such as nutrient precursors, nutrients, enzymes, prebiotics, essential oils etc. From the global view of feed and food security low input varieties have the highest priority. Currently, soybeans (60), corn (24) , cotton (11) and canola (5 % of global GM area) are the most important GM-crops. They are modified mainly for agronomic traits. Such plants are characterized by so-called input traits: GMP of the first generation: without substantial changes in composition or nutritive value. GMP of the second generation: (with output traits) should contain more special nutrients (e.g. amino acids, fatty acids, vitamins, enzymes etc.) or less antinutritive substances (e.g. mycotoxins, inhibitors, allergens etc.). GMP can be used in a wide variety to feed animals such as -Vegetative and generative plants or parts of plants (e.g. green forage, seeds, roots, tubers etc.) -Conserved products from GMP (e.g. silage, hay) -By-products of agriculture and food production, obtained from the processing of GMP (e.g. straw, by products of milling, of the starch, oil, sugar and brewing industries). Most of the area under GMP is cultivated with plants of the first generation. Numerous scientific associations and expert panels proposed guidelines for the nutritional and safety assessment of feeds from first generation 2, 3 . 
The fate of transgenic DNA and transgenic proteins
Based on the fact the GM crops were previously deemed to be safe and compositionally equivalent to their non GM counterpart, it is not unexpected for all of the animal feeding studies to confirm this by reporting no meaningful differences in animal performance or meat, milk or eggs products and no transgenic DNA or protein were detected in milk, meat or eggs 7, 8 .
The fate of novel proteins in feed from GMP consumed by animals has also generated interest arising from consumers questions. Results from the studies can be summarized as follows 9 :
-Proteins are degraded by enzymes in the small intestine.
-The chemical and physiological properties (including microbial and enzymatic degradation) of novel proteins have been intensively tested. -Intact novel proteins have not been detected outside of the digestive tract in target animals (also not in animal tissues and products). -There is no evidence that novel proteins are characterized by unusual chemical/physical properties distinct from native protein. Disadvantages 1) GM foods may cause bacteria to become resistant to antibiotics. 2) They can also produce allergies: When food-crops are genetically modified, ("genetically modified" food is a misnomer!) one or more genes are incorporated into the crop's genome using a vector containing several other genes, including as a minimum, viral promoters, transcription terminators, antibiotic resistance marker genes and reporter genes. Data on the safety of these are scarce even though they can affect the safety of the GM crop 10 .
3) Allergen content is increased when soybeans are genetically modified: To make soybeans herbicide resistant, the gene of 5-enolpyruvylshikimate-3-phosphate synthase from Agrobacterium is used. However, several significant differences between the GM and control lines are recorded: -There were also differences in the contents of natural isoflavones (genistein, etc.) with potential importance for health. -Additionally, the trypsin inhibitor (a major allergen) content was significantly increased in GTS.
4) The toxin level of GM cotton is unpredictable:
Several lines of GM cotton plants have been developed using a gene from Bacillus thuringiensis subsp. kurstaki providing increased protection against major lepidopteran pests. However, because of the use of inappropriate statistics it is questionable whether the GM and non-GM lines were truly equivalent, particularly as environmental stresses could have unpredictable effects on antinutrient/ toxin levels 11 .
Genetically modified feedstuffs: features and their effects on poultry Herbicide-resistant soybean: The macronutrient composition of glyphosate-tolerant soybean (GTS) seeds resulting from the transformation of conventional soybean with a gene encoding for 5-enolpyruvylshikimate-3-phosphate synthase from Agrobacterium to make the soy herbicide-resistant, is equivalent to that of conventional soybeans. This equally applied to GTS unsprayed with glyphosate 12 or sprayed with this herbicide 13 .
Low oligosaccharide soybean: Soybeans contain raffinose and stachyose the oligosaccharides, which act as antinutritive factors. Oligosaccharides are known to cause osmotic carthisis in lab animals. Companies like Dupont have already developed genetically modified soybeans with low oligosaccharides. These cultivars gave an increase of 3% in amino acid digestibility and 5 % increase in dry matter digestibility 14 .
GM-rice:
The GM rice is claimed to contain 20% more protein but its moisture content is less than that of the parent line. GM-cotton: Bt cotton, which confers resistance to important insect pests of cotton, was first adopted in India as hybrids in 2002. Several lines of GM cotton plants have been developed using the gene encoding an insecticidal protein from Bacillus thuringiensis subsp. kurstaki.
These have increased protection against the major lepidopteran insect pests of cotton. The levels of protein, fat, carbohydrate, moisture, ash, amino acids and fatty acids in the insectprotected lines are claimed to be comparable to those found in commercial varieties. Moreover, the levels of antinutrients such as gossypol, cyclopropenoid fatty acids and aflatoxin are similar or less than those in conventional seeds. Thus, the GM varieties are suggested to be equivalent to conventional seeds and just as nutritious 15 .
GM-maize (corn):
Numerous studies have been conducted with insect-protected maize with all concluding that the insect-protected maize is as nutritious and wholesome as its nonGM counterpart 18 . Bt maize is less severely attacked and weakened by the corn borer and might have a greater resistance to field infections, particularly Fusarium fungi, which produce mycotoxins 8 . In some cases Bt maize is safer than nonGM due to the lower fumonisin content 19, 20 . It is claimed that no statistically significant differences in survival or bird weights between commercial-scale broiler chicken fed diets containing GM corn or an isogenic parent corn line, are found 21 . Indeed, birds fed GM corn rations appear to have significantly better feed conversion ratios and an improved yield of breast muscle. This enhanced performance may be attributed to the Bt corn per se. Corn may also genetically modified by the transfer of the gene of egg white avidin to make the seed resistant to storage insect pests 22 . The GM corn is safe, at best in premature 23 .
Low phytate corn:
All plant feed ingredients contain natural phosphorus, which is only 30 % available, and the rest 70 % is in the form of phytate phosphorus. If grains with low phytate phosphorus and high available phosphorus are made available the use of supplemental inorganic phosphorus like dicalcium phosphate in poultry would come down 24 . The low phytate phosphorus corn cultivars contain approximately 35 % phytate phosphorus and 65 % of non-phytate phosphorus, which is reverse in commercial corn 25 . This would not only reduce the cost but also high quality, bioavailable phosphorus would be made available to the birds. The added advantage is that less phosphorus would be thrown in the litter and manure, which would lead to the control of eutrophication. High oil corn: High oil corn varieties are produced using traditional genetic breeding, which contained 6-8 % oil 26 . Now Dupont has come out with a brand called OPTIMUM 80 high oil corn through genetic modifications. This variety contains 87 % higher crude oil fat and 3.3% higher crude protein compared to typical corn. Feeding studies with high oil corn on broilers showed that there is a significant improvement in body weight and feed conversions, less abdominal fat 27 . Hens fed on high oil corn diet have a better feed to egg ratio with increased levels of linoleic acid and oleic acid in the egg yolks. GM tomatoes: A new laboratory GM tomato line was developed using the B. thuringiensis crystal protein CRYIA(b) gene, a potentially safer plant promoter is used. GM feed additives: Various additives and enzymes added to animal feed can be produced with the help of genetically modified micro organisms. For example:
• Vitamins: Vitamin B2, vitamin B12, or biotin (for animal health)
• Various amino acids (improved feed quality)
• Enzymes (improved breakdown efficiency)
• Colouring, beta carotene (e.g. for salmon) Safety and wholesomeness of genetically modified crops Safety and wholesomeness is the top priority in developing new crops through biotechnology. Each genetically modified (GM) crop has undergone rigorous testing and assessment based on the latest guidance from regulatory agencies and national and international scientific organizations. In 2006, the global area of biotech crops has grown to 102 million hectares (252 million acres) of which 68%, 19%, and 13% were planted with herbicide tolerant, insect protected, or combination of these traits, respectively 28 . To confirm that new GM foods and feeds are safe as their conventional counterparts, subchronic (26 or 90 days) comparative toxicity studies are performed with the grain from the GM, near isogenic control and conventional varieties. A robust and internationally recognized testing approach is utilized.
Compositional analysis: Assessment of compositional analysis is done to determine if biologically meaningful differences occur between GM and non-GM crops 7 . Analyses provide information on things such as antinutrient factors, macronutrients, micronutrients and naturally occurring toxins. The specific nutrients for each crop to consider have been identified by OECD 7 .
The safety assessment is focussed on (i) The presence and characteristics of newly expressed proteins and other new constituents and possible changes in the level of natural constituents beyond normal variation, and on the characteristics of the GM food and feed, and (ii) The possible occurrence of unintended (unexpected) effects in GM plants due to genetic modification. In order to identify these effects a comparative phenotypic and molecular analysis of the GM plant and its near isogenic counterpart is carried out, in parallel with a targeted analysis of single specific compounds, which represent important metabolic pathways in the plant like macro and micro nutrients, known anti-nutrients and toxins. Main tasks and methods for safety assessment of GM crops 1. For compositional analysis and comparison the parent and transformed lines must be grown under identical conditions, treated and harvested the same way. In addition to proteins, starch, lipids, etc, of the parent and GM-lines, their contents of bioactive components should also be compared by novel methods (proteomics, fingerprinting, etc). 2. The stability to degradation by acid or pepsin or other proteases/hydrolases of GMproducts, foreign DNA, including the gene construct, promoter, antibiotic resistance marker gene, etc, has to be established in the stomach and intestines of model animals in vivo. With GM-lectins, including Bt-(Bacillus thuringiensis) toxin the presence/absence of their epithelial binding should also be demonstrated by immunohistology. 3. The biological, immunological, hormonal properties and allergenicity of GM-products must be established with the GM-product isolated from the GM-crop and not with recombinant from E. coli as these two may have substantially different properties. 4. As GM-food is unlikely to be highly poisonous, "toxicity" is an unhelpful concept and difficult to assay. In contrast, nutritional studies in which GM crop-based diets are fed to young growing animals and birds should reveal their possible harmful effects on metabolism, organ development, immune/endocrine systems and gut flora which together determine the safety of the GM-crop and the development of the young into healthy adults. 5. For animal testing iso-proteinic and iso-energetic diets need to be formulated in which most of the dietary protein is derived from the GM-crop. The composition of the control diets should be the same as the GM-diet but containing the parent-line with or without supplementation with the isolated gene product at the same level as expressed in the GM-line 29 .
Conclusion
Strategies for nutritional and safety assessment which are developed for those of the first generation cannot directly applied for GMP with substantial changes of the constituents (second generation). Novel experimental designs are necessary for the nutritional and safety assessment of feeds from second generation GMP. Feeds from GMP of the first generation,
